Preventing Lead Poisoning
by Sally L. Lusk, PhD, RN, FAAN, and Mary K. Salazar, EdD, COHN L ead intoxication has been recognized for centuries, but it continues to be one of the most common environmental diseases. It is caused by absorption of metallic lead, inorganic lead compounds, or organic lead compounds (Weeks, 1991) . Common occupational exposures to lead include: manufacturing or recycling of lead storage batteries; application or removal of paints, coatings, drying agents, or solder containing lead; use of lead containing pigments and glazes for ceramic work, and lead fumes produced by gasoline additives. The 1978 Occupational Safety and Health Administration (OSHA) lead standard (CFR 1910 (CFR .1025 established permissible exposure limits and mandated medical surveillance, but many small businesses may be unaware of lead hazards, and construction and demolition work were exempted from the standard. Further, those in the arts using paints and glazes on lead for stained glass and making metal objects may be uninformed regarding their risks (Weeks, 1991) .
The prevalence of occupational lead poisoning has not been established due to inadequate surveillance 648 ABOUT THE REVIEWER: SECTION EDITOR:
systems. By 1994, only 22 of the 50 states were participating in the National Institute for Occupational Safety and Health's Adult Blood Lead Epidemiology and Surveillance (ABLES) program which monitors elevated blood lead levels (BLLs) (Centers for Disease Control and Prevention [CDC], 1994) . However, data from those states show increased reports of elevated BLLs (>24 ug/dl.) from 1992 to 1994, with 4,686 in the first quarter of 1992 to 5,847 in the first quarter of 1994. Even though this increase can be partially attributed to an increase in the number of participating states (from 17 in 1992 to 22 in 1994) , the raw numbers of reports of elevated BLLs substantiates it as a significant problem (CDC, 1994) . Even more alarming, 52% of the persons with elevated BLLs in 1992 were again reported with elevated BLLs in 1993 (CDC, 1994) . Recurring exposures due to lack of control measures or inappropriate worker protection practices were cited as one of the reasons for repeated elevations in BLLs.
These data substantiate that work related lead exposure is a significant problem in the United States. Further, its effects go beyond exposed workers to fetuses of pregnant workers and to family members who may be affected through contaminants brought into the homes from work.
In the reviews that follow, Dr. Salazar summarizes two studies of programs to reduce BLLs and identifies actions that occupational health nurses can take to prevent occupational lead exposures. In addition, nurses in all specialties can work with community groups to prevent non-occupational exposures of children and adults.
THE UTILITY OF HEALTH EDUCATION AMONG LEAD WORKERS: THE EXPERIENCE OF ONE PROGRAM (Porru, 1993)

Synopsis
The purpose of this study was to develop and test the effectiveness of a health education program among workers exposed to moderate levels of inorganic lead. The study participants consisted of 50 lead exposed workers employed in one of seven small factories in Northern Italy. The study was completed in three phases over a 1 year period. At the onset of the study (phase 1), blood lead levels of subjects were measured, a ques-LINKING PRACTICE & RES EAR C H tionnaire specific to lead poisoning was distributed, and a worksite inspection was conducted. The questionnaire included questions about personal and hygienic behaviors and about the use of personal protective equipment. The worksite inspection consisted of a scoring of the cleanliness and hygienic conditions of the work environments using a 0 (worst) to 3 (best) range. All of the subjects in phase 1 participated in an educational session about lead toxicology, lead related diseases, and the effect of work and hygienic practices on lead exposure. Participants were provided and encouraged to consult a booklet containing the presented information.
The same intervention strategies (blood lead measures, questionnaires, and worksite inspections) were repeated with all 50 workers 4 months later (phase 2), and with 34 workers 1 year later (phase 3). Reasons for the attrition of 16 of the subjects between phase 2 and phase 3 included change of factory, sickness, and retirement. No educational materials were provided during these last two phases.
The mean age of the original 50 study subjects was 39.4 years, and the mean number of years in a leadexposed occupation averaged 10.2. Demographic data on the 34 subjects who completed all three phases are not provided; however, the authors describe them as having "general characteristics that were very similar to the initial 50 subjects." The data analyses examined the changes in the blood lead levels and the questionnaire scores over the 1 year course of the study. The average blood levels for the 34 subjects who remained at the end of the study were 38.2 ug/dl, during phase 1, 34.4 at phase 2 (P=.002, phase 1 vs. phase 2), and 32.3 at phase 3 (P=.03, phase 2 vs. phase 3). Six percent of the subjects had blood lead levels greater than 60 DECEMBER 1995, VOL. 43, NO. 12 ug/dl, at the beginning of the study.At phase 2, no subjects had values over 60 ug/dl; The percent of subjects who had values less than 30 ug/dl, increased from 24% to 40% between phase 1 and phase 2. The scores for the worksite inspection did not change over the course of the study; therefore, the researchers concluded that the changes in blood levels could be attributed to a change in personal habits related to lead absorption rather than to external factors.
The average score on the questionnaires for the 34 subjects were 17.5 out of a possible 35 at phase 1, 22.7 at phase 2, and 23.3 at phase 3. The difference in scores between phases 1 and 2 were significant (P<.OOOI). A total of 74% of the subjects improved their scores at phase 2 and only 6% showed a decrement. A comparison of "improved" and "not improved" subjects (based on changes in scores), when evaluated with respect to age, education, total length of employment, and length of lead exposed employment,determined that differences existed only for the variable lead exposed employment,which was shorter for improved subjects. The authors suggest that this might be related to a tendency to disregard risk over time. The investigators also examined the contribution of the initial scores to the level of improvement, and they discovered that workers who had lower scores demonstrated the greatest improvement in subsequent scores.
Based on the findings of this study, the authors conclude that health education programs have the potential to decrease adverse effects of toxic exposures. They suggest that programs such as the one presented in this study increase workers' knowledge about exposures and their prevention and that this knowledge serves to influence the workers' activities in a positive way.
Critique
The positive outcomes reported in this study support the authors' premise about the usefulness of health education programs. However, the study had severallimitations that must be considered when interpreting the results. First, the generalizability of the findings is limited as a result of the small sample size, the smallness of the study sites (4 to 20 workers), the low educational level of the subjects (6 years), and the fact that the gender of the subjects was not reported. Because there was no control group, it is difficult to determine the true effects of the intervention. The changes reported could have been the result of a Hawthorne effect or could have been related to unknown factors external to the study design.
The data gathering instrument and the educational booklet may have served as educational tools. How can the effects of these components of the intervention be separated from the effect of the educational program? In fact, considering these possibilities, it is possible that the changes may have occurred in the absence of the educational program.
The improvement in blood lead levels and questionnaire scores over the three phases is encouraging; however, even after 1 year, the blood lead levels continue to be higher than is acceptable. This is particularly disturbing since there is no indication that any maintenance plan is included in this educational intervention other than provision of the educational booklet. This one shot approach is generally the least desirable type of educational design. In view of this lack of follow up, it might be expected that blood levels will plateau and may even increase over time.
The authors mention that the conditions in the workplaces did not change during the course of the study. It is commendable that the investigators considered and controlled for this variable. It would have improved the value of the discussion had they included a commentary on the importance of engineering and administrative measures as a means of controlling lead exposures in workplaces. However, their emphasis was on health education as a strategy for change, and their description and discussion of a program targeted to lead exposed workers was effectively presented.
THE INITIAL IMPACT OF A WORKPLACE LEAD POISONING PREVENTION PROJECT (Bellows, 1993) Synopsis
The project described in this article emanated from a recognized need for lead poisoning prevention programs in occupational settings in the state of California. California employers are required by law to report lead levels greater than 40 Ilg/dL to the California Occupational Lead Registry. A survey conducted in 1989 determined that blood testing was not being conducted in many high risk companies, that employers did not know about OSHA lead requirements, and they lacked the knowledge and resources needed to develop appropriate programs. In response, the registry developed, implemented, and tested a community based intervention model aimed at increasing participation in blood lead level screening as a means of reducing overexposure to lead in high risk industries. The model consisted of three activities: identification of high risk companies, development of appropriate resources, and monitoring of the companies.
. The radiator industry met the enteria for industry selection for this project (documented overexposure to lead and noncompliance with OSHA lead regulations), and thus served as the target for the intervention. The telephone book and local agencies were used to identify 459 companies; 252 of these were deemed appropriate for inclusion in the project. Interestingly, 104 of these companies were owner operated and had no employees; the remaining were small, with a mean of six employees per company. A total of 495 subjectsfrom these companies participated in blood lead testing. Most (98.4%) were male. The average age was 36 years, and they had worked for their current companies an average of 3.2 years. Sixty percent of the subjects had Hispanic surnames.
Rather than providing direct services to companies, this project consisted of development and mobilization of services and resources within the community. A project advisory committee worked with providers who were encouraged to tailor services to the needs of these high risk companies. These services included educational materials (including medical education), low cost blood lead screening programs, and medical surveillance services.
While the companies were told that participation in this project was voluntary, they also were told that they may be referred to Cal/OSHA for noncompliance with lead regulations if they did not participate. Participation consisted of submission of the results of blood lead screening examinations and completion of a survey. The investigators included a series of reminders and warning letters to encourage participation. Participants had access to the project team who responded to their telephone requests for information.
The number of companies that participated in blood lead screening increased from 9% to 95% over the study period; however, half of these participated only after they received a warning about referral to CallOSHA. The median blood lead level of the sample was 21 Ilg/dL, and more than a quarter of the companies had employees with blood lead levels of 40 ug/dl, or higher. As might be expected, the increase in testing that resulted from this study also resulted in a concurrent increase in registry reporting.
This study verified the authors' hypothesis that there was an underreporting of occupational lead poisoning in the state of California. They propose that identification of prob-. lem companies through the use of screening tests such as described in this paper will lead to more targeted programs, and thus better use of existing resources.
Critique
The rationale for a community based approach to the problem of lead poisoning is effectively described and defended in this article. Unfortunately, however, except for the blood screening activities, the description of the community based intervention is brief and provides few details. This report leaves the reader with many unanswered questions about subjects' responses to the interventions.
As described in the previous section, the authors proposed a three pronged approach to reducing lead exposure. The discussion of the first prong, company identification, was adequate. The second component, development and marketing of resources, is barely addressed. The methods section itemized the resources that were developed as a result of the project, but it provides no information about the specifics of the methods and the frequency of resource access and use by the target LINKING PRACTICE & RES EAR C H population, an important piece of information for occupational health nurses. The third component of this triad, company. monitoring, places much emphasis on efforts to contact subjects for screening purposes. There is virtually no indication that any monitoring of control programs occurs (aside from lead screening and subsequent follow up of individuals with levels of 60 ug/dl, or higher).
All of the reported outcomes for this study relate to screening, and the discussion section is presented in terms of screening. The emphasis on lead screening is probably due to the fact that the study was conducted by the agency that operates the registry, and an important goal of this agency is to increase overexposure reporting. However, in view of the fact that a stated purpose of the study was to develop and apply an intervention model, a more complete description of the program is warranted.
An obvious deficit in this report is the lack of emphasis on changes in blood lead levels. The outcome measured by the investigators is the number of employers who participate in blood lead screening after they are contacted by the study team. Considering the coercive nature of the intervention, it is no surprise that the percentage of companies that participated in blood testing during the intervention increased from 9% to 95%. It is implied that participation in screening will result in the development and implementation of control programs; however, the level of interest or participation in control programs is not explicitly described in this article. One can speculate that employers who are currently out of compliance with regulations may be motivated to take action to avoid OSHA fines, but the suggestion that the immediate result of the described intervention is an increase in lead poisoning prevention programs DECEMBER 1995, VOL. 43, NO. 12 seems like an overstatement.
Another area lacking discussion, and of potential interest to many readers, was the fact that the majority of the workers (60%) had Hispanic surnames. This suggests the possibility of language and cultural issues which could affect implementation of the intervention. One wonders how the special needs of this population were addressed. Did the Hispanic workers differ in any way from the rest of the subjects? Is it possible that their noncompliance was related to language or cultural barriers? The mention of bilingual resource materials is important, but the full implementation of a control program within the Hispanic population may require more carefully designed strategies sensitive to their cultural perspectives.
Despite these limitations, this study offers an innovative and practical approach to reducing the exposures to lead among workers in high risk industries. The authors surmise that the suggested approach provides a means of reaching many more workers than one would reach through individual consultation. The fact that many people called the project staff for information is an indication that participants had at least some level of interest in controlling exposures. Because services were tailored to the needs of participants, the likelihood of their being used is greatly increased. Follow up studies focusing on an evaluation of this program is a next logical step.
Implications of Both Studies
The underlying purpose of these studies was to develop and test strategies that will reduce high risk workers' exposure to lead. Both of these studies focused on employees of very small industries which use lead extensively in their day to day operations. While the data were gathered in different countries, it is clear that concerns about this occupational health issue are quite similar regardless of the location of the exposure. In fact, this geographic separation serves to accentuate the global nature of the problem of lead poisoning in small industries and the need for solutions with general application. Because of their unique abilities as employee advocates, as health educators, and as program planners, occupational health nurses can playa critical role in efforts to decrease the risk of occupational lead poisoning.
While special challenges are inherent in the industries described in these studies due to the smallness of the operations and the low educationallevels of many of the employees, these challenges are not insurmountable. In fact, small businesses such as these have very unique needs and provide special opportunities for occupational health nurses interested in developing their own occupational safety and health services. These studies are perfect examples of how the small businessperson is underserved and often uninformed when it comes to occupational safety and health services.
Entrepreneurial occupational health nurses could serve as a centralized resource agent similar to the project advisory committee described by Bellows (1993) . They could survey at risk industries, advise employers about engineering or administrative adjustments which would decrease their risk of lead poisoning, and develop and implement lead poisoning prevention programs tailored to their special needs. With proper marketing, the occupational health nurse could assist in the formation of coalitions of employers who could share information and resources.
The complementary approaches & RES EAR C H represented in these two articles can also be applied to larger industries which include lead in their operations. Both approaches lend themselves to the specialized knowledge and expertise of the occupational health nurse. As suggested by Porru (1993), health education is an important strategy to include in a lead poisoning prevention program. Indeed, employees need to be apprised of the toxicologic effects of lead and of the personal hygienic practices that decrease their personal risk of disease. However, to assure the success of a lead poisoning prevention program, health education must be combined with policies that are conducive to a healthy environment. Occupational health nurses are in a strategic position to advocate for appropriate lead prevention policies which consider the unique conditions and needs of the organization. Likewise, the occupational health nurse is able to interpret government regulation and its implication for policy development. Lastly, the occupational health nurse can assist in enforcement of policies as a means of assuring worker protection. The occupational health nurse is challenged to persuade management about the importance of a solid and comprehensive lead poisoning prevention pro-652 gram and to convince employees of the importance of adapting safe and healthy lead related behaviors.
Successful lead poisoning prevention programs usually require multifaceted, multidimensional interventions. Combining top down (i.e., government regulation, supportive management, healthy policies) and bottom up (i.e., health education programs, employee training, employee participation in programs) strategies with engineering and administrative controls offer the most likelihood that positive changes will occur within an at risk organization. Once a program is in place, mechanisms for program maintenance must be structured into the overall plan. For example, a regular lead screening program can serve as an impetus to have a lunch time seminar on hygiene related to lead poisoning prevention, or a regular brief survey on knowledge about lead policies could be distributed to employees on a semi-annual basis. Promoting a "lead poisoning prevention month" is another strategy to assure the ongoing success of programs.
It is incredible and troubling that lead poisoning has been a recognized problem for many decades, yet so many workers continue to be at risk. A review of the literature found a paucity of articles and few studies on interventions targeted at lead workers, particularly workers in very small industries. Even less is written about secondary exposures that may occur among the families of these workers. Much work remains to be done by occupational health nurses and other professionals to address the problem of work related lead exposure. Commitment from government and employers, as well as innovative program designs, are essential to successful and effective programs. Studies such as these are important steps to decrease the adverse effects of this serious public and occupational health problem.
